Summary: An evaluation of a heterogeneous enzyme immunoassay for determination of triiodothyronine in serum (Enzymun-Test® T 3 , Boehringer Mannheim) is presented. The enzyme immunoassay was compared with the laboratory routine radioimmunoassay. The precision of both assays was satisfactory at triiodothyronine concentrations between 1.0 and 8.0 nmol/1 (coefficients of variation from day to day < 10%). Average recoveries of triiodothyronine in pool sera ranged with the Enzymun-Test T 3 from 96-104% and with the radioimmunoassay from 88-111 %. A comparison of the results obtained by Enzymun-Test® T 3 and the radioimmunoassay in a series of 103 patients showed a good correlation between both methods. ,-thyroxine did not cause a relevant cross-reaction in the enzyme immunoassay. About 20 unknown samples can be analyzed in triplicate by Enzymun-Test® T 3 within 260 minutes. 
Introduction
presented, which has recently become commercially available. As there is no reference method for triiodoDuring the last few years enzyme immunoassays have thyronine the enzyme immunoassay was compared with gained importance in routine diagnosis (1) . So far in the Qur ra( jjoimmunoassay, which is used as the present field of in vitro diagnosis of thyroid disorders enzyme rou tin e procedure. immunoassays have been developed for the determination of thyroxine (2) (3) (4) (5) , thyfoxine binding capacity (6) , truodothyronine uptake (7), thyrotropin (8, 9, 10) , triiodothyronine (2, 12) , thyroglobujin (13) and antiMethods thyroglobulin autqantibody ( 14) . In various comparative studies an acceptable correlation between commerMaterials ciaUy available enzyme immunoassays for the determina-j^ reagen ts for Enzymun-Test® T 3 were provided for clinical tion of thyroxine and thyroxine binding capacity and trial by Boehringer Mannheim (D-8132 Tutzing). Kits for the . iodothyronine and /,-thyroxine was purchased from Sigma
In this study an evaluation of a heterogeneous enzyme ^^ ^^ £ £^ '^^î mmunoassay for the determination of triiodothyronine Lypho-Check® Radioassay Control Serum was purchased from (2) (Enzymun-Test® T 3 , Boehringer Mannheim) is BioRad Laboratories (D-8000 Munich 50). (20) . Charcoal (200 g, Norit A, Serva, D-6900 Heidelberg) was added to pool serum (11) , stirred overnight at 4 °C and then centrifuged for 8 h at 20000£. The supernatant was filtered using quartz wool. The values of total protein (biuret-method) and those of electrophoresis determined by use of an Olympus Hite System (11) (Olympus Optical Co., D-2000 Hamburg) pointed to minor differences between the charcoalextracted serum (total protein 67 g/1; fractions: albumin 0.628, cq-globulin 0.027, a 2 -globulin 0.099,0-globulin 0.065, ã-globulin 0.181) and the starting material (total protein 70 g/1; fractions: albumin 0.622; c^-globulin 0.034;« 2 -globulin 0.101; 0-globulin 0.094;7-globulin 0.149). Triiodothyronine-free serum was spiked using lyophilized AE,-triiodothyronine (100 ìg, RIA standard reagent, Henning, D-1000 Berlin) (0.77-24.6 nmol/1). In some of the recovery experiments 50 mg of Z-triiodothyronine (Sigma, D-8021 Taufkirchen) was dissolved in 1 ml of 0.2 mol/1 NaOH. After dilution with distilled water (1:10 6 ) the final solution was used to spike triiodothyroninefree serum. Reagent C Triiodothyronine-bovine-serum-albumin-conjugate was prepared according to Oliver (21) andHesch (22) by coupling X-triiodothyronine-methylester-hydrochloride (Henning, D-10 Berlin) to bovine serum albumin (Behring, D-3550 Marburg) using l-ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride (Serva, D-6900 Heidelberg). Two mg of triiodothyronine-bovineserum-albumin-conjugate dissolved in 1 ml complete/tewwTs adjuvant (Behring, D-3550 Marburg) and 0.15 mol/I sodium chloride solution (volumes 0.5 ml + 0.5 ml) were subcutaneously injected at various places on the back of rabbits every 14 days. The immunisation was performed for a period of two months. The reaction medium of the assay contains triiodothyronineantiserum in a final dilution of 1:50000 (affinity constant 1.02-10 11 1/mol).
Reagent D
As precipitating antiserum anti-rabbit 7-globulin from donkey (Wellcome, D-3006 Gro burgwedel) was used (final dilution in the reaction medium 1:144).
Reference range With the T 3 -radioimmunoassay the reference range used was 1.2-3.7 nmol/1. this reference range was established by the analysis of 150 samples from clinically euthyroid female and male patients (age: 20-65 years). As the results showed a normal distribution the reference range was calculated from the mean value and two standard deviations.
This reference range was examined for its validity for the patient collective tested in this study. It was found that the median of the results obtained with this collective by radioimmunoassay and Enzymun-Test® T 3 was in each case in the middle of the above mentioned reference range. Therefore it appeared to be justified to use this reference range with both methods.
Determination of the detection limit
With the Enzymun-Test® T 3 the detection limit for triiodothyronine was determined according to Kaiser (24) as the mean value plus the 3 fold standard deviation of a series (n -20) from triiodothyronine-free pooled human serum.
Results and Discussion

Imprecision
At diagnostically relevant triiodothyronine concentrations between 1.0 and 8.0 nmol/1 the coefficients of variation of mean values from triplicate determinations ranged from day to day with Enzymun-Test® T 3 from 3.6-10.2% (tab. 1). With the radioimmunoassay coefficients of variation of mean values from duplicate determinations of 3.0-12.7% were observed at triiodothyronine concentrations between 0.9 and 7.5 nmol/1.
Recovery
Average recoveries of triiodothyronine added to pooled human serum and to triiodothyronine-free human pool serum are shown in table 2. At triiodothyronine concentrations between 0.77 and 7.68 nmol/1 the recovery ranged with the Enzymun-Test® T 3 from 96-104% and with the radioimmunoassay from 88-111%.
Method comparison study
Furthermore the triiodothyronine concentration was measured by Enzymun-Test® T 3 and radioimmunoassay in 103 specimens from patients. The correlation between the results was good (r = 0.976). The slope of the line and the intercept were calculated using the standardized principal component analysis (23) . of the results determined by radioimmunoassay (x: 3.57 ± 1.80 nmol/1; t-v l e 0.958, ñ > 0.15). The correlation between both methods was satisfactory, even when samples from pregnant women with elevated thyroxine binding capacity (114-145%) were compared ( fig. 1 ).
Specificity
The cross-reactivity of thyroxine in the enzyme immunoassay was tested using spiked human charcoal^extracted serum (tab. 3). As the reference range of thyroxine is relatively low (51.5-167.3 nmol/1), a relevant interference of this compound is usually not to be expected.
Interferences
Haemoglobin concentrations up to 1.0 g/1 showed no relevant interference in the Enzymun-Test® T 3 . In severely haemolytic specimens, however, the recovery of triiodothyronine was distinctly reduced (tab. 4).
With severely icteric and lipaemic serum samples the results obtained by Enzymun-Test® T 3 and radio- Number of days immunoassay did not show a significant difference (tab. 5).
Detection limit
With the Enzymun-Test® T 3 a detection limit for triiodothyronine of 0.23 nmol/1 was observed under our experimental conditions. The measuring range of this assay (0.23-9.22 nmol/1) is comparable with that of the radioimmunoassay. The detectability of both assays appears to be adequate for clinical requirements. ). Using this curvefitting method the recovery of triiodothyronine (0.77-7.68 nmol/1, n = 6) was on average 102% (range: 99-107%) between and 100% at the calibration points.
in serum, is comparable with the laboratory radioimmunoassay used as the reference method. In accordance with the results presented here the Enzymun-Test® T 3 showed mainly a good correlation with various other radioimmunological procedures (25) . Compared with the radioimmunoassay the Enzymun-Test® T 3 has the advantage that no radioactive material is used and the reagents have a longer shelf life.
Conclusion
In summary it can be concluded that the enzyme immunoassay, tested for the determination of triiodothyronine
